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Abstract 
Advanced modern technology is characterized by a globally constant growth of the use of polymeric composite materials, 
allowing developers to achieve better technical and economic characteristics. The  appearance of multi-layered structures has 
required the development of new effective methods and means of nondestructive testing. The proposed laser-vibration method to 
identify defects in the internal structure of the multilayer composite materials provides an opportunity to receive  generalized 
signals similar to the signals from several independent  sensors; automated registration and processing of image content. In the 
presence of internal defects, the image of the reflected signal takes an elongated shape or have offsets and breaks interference 
fringes, as well as the shift of the maximum intensity in the images. Standard MATLAB package was used for capturing and 
processing images. Where is a bank of internal defects, which has been gained by experience. 
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1. Introduction 
Development of aerospace, automotive and other industries is inextricably  associated with the use of multilayer 
composite materials. It is possible to vary within wide limits characteristics of operational properties, saving 
material and energy resources lead to a rise in the volume of their production and the steady expansion of their 
application. Existing technologies does not guarantee the absence of products of various defects that reduce the 
quality of the product. Composite structural defects, such as cracks, air pockets, fistulas, the detachment of the fibers 
from the matrix, debris, etc., significantly weaken its strength. Depending on the size, nature and location of these 
defects, as well as the purpose and work conditions, details and site defects can be valid or invalid. The question of 
what the defects allowed in the unit or part shall be decided by the designer together with the service of strength. 
The problem of choosing the rejection criteria is very complicated. For the optimal solution requires complex 
calculations, field testing of products with different defects, the generalization of the results of operation, etc. 
It is needs to take into account the real possibilities of nondestructive testing, available on the enterprise. The aim of 
this paper is to give a general idea of the developed method of laser-vibration testing of multi-layer honeycomb 
structures and justify the possibility of determination of vibration parameters on the results of the measurements. 
 
2. Description of the method  
Creating multi-layered laminated structures required the development of new effective methods and means of 
nondestructive testing. At the present time to identify defects in a multilayer composite materials are used different 
methods: acoustic, computed tomography, shearography, speckle interferometry, induction method, the 
measurement of the Doppler shift to determine characteristics of the vibrating surface [1 -6]. Each of these methods 
has its advantages and disadvantages. The acoustic method has limitations in identifying the depth of the defects and 
low signal to noise ratio, computed tomography and interferometric methods in some cases requires difficult 
software for processing measurement results. The Doppler method is less sensitive in the control of heterogeneous 
materials and in the presence of significant surface curvature. For testing a real design it is need to consider the 
spectral range of excited vibrations in which design is sensitive, to taking into account the possible types of defects 
and its dimensions, type of material and its thickness, the curvature of the surface  layers, etc  [3, 6]. 
Control of real products in a production environment is associated with the need to reduce the influence of external 
noise on the background of the weak signal from the defect may not be registered. So, when making measurements 
using piezoelectric and shock transducers on the diagnostic, accuracy significantly influenced by friction, and 
background noise [3, 4]. 
The proposed laser-vibration method provides the possibility of generalized signals similar to the signals from 
several independent sensors to identify defects in the internal structure of the multilayer composite material; 
automated registration and image processing. In figure 1 was shown  a diagram of the test bench. The laser LGN 
224-1 with radiation power of 8 mW with the divergence of the light flux of 0.005 rad, the radiation wavelength 
0.63 μm was used. For transmission the radiation from source to the working area was used the optical fiber. 
The laser radiation beam 1 from stationary source 2 with using of the optical fiber 3 is transmitted to the mirror 6  
fixed on the surface of the multilayer structure 5. Reflected radiation is received by the lens of the camera 4 and 
processed by the computing unit 7. Vibrator 8 mounted on the inner side of the sample surface provides the 
oscillation of the investigated area design. 
Used diagnostic method has several advantages over traditional: is contactless; installation uses optical fiber, 
allowing to transmit the laser radiation to a distance of hundreds of meters and to protect personnel from laser 
radiation; automated registration and image processing is carried out using a personal computer; diagnose in real 
time (with check the image for 1-2 sec).  
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Figure 1 - Scheme of the test bench for detecting internal defects laminated honeycomb structures: 1 – laser beam; 2 - radiation source; 3 - optical 
fiber, 4 - camera, 5 - sample of the large shell, 6 - mirror, 7 - computing block 8, vibrator 
 
The signal detection is perfomed by television camera Watec-902 with lens MC SONNAR 3.5/135, computing 
unit of a personal computer using Programs for data logging AverTV. Vibrators are the generation frequency of 50 
Hz with amplitude of 0.01-0.5 mm. In the diagnostic process is logged interference image of the reflected signal 
with a ring structure having maximum emission intensity in the center. The case of defect absences is characterized 
by an image in the form of concentric circles with rings of equal thickness. In the presence of internal defects 
interference pattern of the reflected signal takes an elongated shape or have offsets and breaks interference fringes, 
as well as the shift of the maximum intensity. The amount of displacement of the light spot in the presence of the 
defect was in the range of δ= 2...7,5 mm. In other areas of the shell, without changing the shape of a defect of the 
light spot and its displacement did not occur. 
There is a slight difference between the experimental values from the calculated δ values with an error of less than 
5%. This method allows to detect low-frequency and high-frequency components of the vibration surface. This low-
frequency component leads to stretching and rotation axis of the spot, and the high frequency component determines 
the shift and the gap of interference fringes. Using the received signal, it is possible to determine the type of the 
function describing the displacement of the portion of the object from which the laser beam was reflected with 
forming an interference pattern. The interference signal can described as result from the interaction of incident and 
reflected beams in the area of their overlap. The typical images reflected from the vibrating surface of the signal 
were shown in figures 2a and 2b. 
3. The theoretical part  
To determine the oscillation characteristics at the vibratory excitation of the surface sample of laminated 
composite material in the process of testing it is advisable to use the wavelet analysis of the interference signal [7,8], 
obtained using the described measuring system. Wavelet analysis of the laser interference signal at the vibration 
excitation of the multilayer shell allows to determine the type of the function describing the displacement of the 
portion of the object from which the reflected laser beam, forming an interference pattern. 
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Figure 2  (a) reflected from the vibrating surface of the oscillatory signal at the impact on laminated shell without defect, (b),  in the case of non-
bunding top layer, (c) is the offset of the central region, (d) the characteristic spots. 
 
Normalized variable component, extending the interference signal of meter system can be written as [6]     
 
¹¸
·
©¨
§  )(4cos)( tftU O
ST  ,         (1) 
 
where t - time, θ - phase signal, λ - wavelength of the laser radiation, f(t) – a function characterizing the amplitude 
of the re-displaced in the process of object vibrations, which can be represented as follows:  
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Here ψ1 is the basic wavelet function, C(a, b) are the coefficients of the wavelet decomposition of the function 
f(t) on the basis ψ1, Kψ1 is a constant defined by the basic wavelet function, ψf (ω) is the Fourier transform of the 
function ψ1. In order for the equality (2) is executed, it is necessary that the function ψ1 had the properties of a 
wavelet, i.e., was localized in time and frequency domains, have zero mean over the whole time interval and was 
limited. 
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Now we introduce the function S(t) that is such that its range with accuracy up to a constant factor corresponded 
to the spectrum of the recovered signal [7]: 
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and write it in the light of (1) and in-integral representation function f(t) (2):  
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where ψ2 is derived from the basic wavelet functions ψ1. We will further consider only those wavelet functions ψ1(t), 
from which there is derived, which in turn are the wavelet. Comparing the integral representations of functions f (t) 
and S(t) (expressions (2) and (4) respectively), you can see that they differ in the basic wavelet function and a 
constant O
S4 . Built on the basis of the interference signal (1) the function S(t), spread it on the wavelet basis ψ2 to 
obtain the coefficients of the wavelet decomposition of C(a, b): . 
³f
f ¹¸
·
©¨
§  dt
a
bt
a
tSbaC 2
1)(4),( \O
S
.         (5)  
Then, using the obtained wavelet coefficients, we perform the inverse transform, using the basis ψ1 (dependence 
2). Thus, by using the interference signal, it is possible to determine the type of the function describing the 
displacement of the portion of the object from which the laser beam, forming an interference pattern was reflected. 
4. Treatment of experimental data  
For the vibrator when the amplitude of the displacements 2a≤1000 μm and the relative ratio of the transverse 
oscillations kn<3% deviation from its transverse oscillations in the measurements the amplitude of the vibration 
displacement for described method is practically absent. The maximum amplitude of the transversal vibrations of the 
vibrator is limited to the area of overlapping rays and should not exceed 0.5 mm. In measurements of the transverse 
oscillations with amplitude >500 μm is necessary to set between the laser and the beam-splitting cube the beam 
expander. 
For analysis of the received signal and the noise reduction was used wavelet filtering with mathematical software 
package Matlab 7 [8, 9].  
To validate the results obtained with using of described method, was performed the experiment on registration of 
parameters of the propagation of vibration waves in multi-layered honeycomb shell using the induction method. The 
interference signal recorded during the experiment after digital filtering was subjected to transformations with the 
aim of solving the inverse problem to reconstruction of a function describing the propagation of vibration waves in 
multi-layer cell structure. Comparing the results shown in figures 3 and 4 reveals that the frequency and logarithmic 
decrement of the oscillations in the propagation of vibration waves, recorded with the help of the interference 
method, differ by no more than 0.5 and 1.2%, respectively, of the frequency and logarithmic decrement damping 
registered when using the induction method. This indicates a high degree of conformity of the parameters of 
oscillations resulting from the use of interference and induction of measurement methods. 
The technique of results processing  of defects detection in cylindrical and transient sites laminated oversized 
shells with the use of cellular aluminum filler consists of the following main stages: partitioning diagnostics object 
at a finite number of elements, input the results of the detection of defects on a cylindrical section of laminated 
oversized shells with the use of honeycomb core, setting the threshold values of signal corresponding to different 
levels of stress in the elements of the design, comparing the amount of signal in each element with the threshold 
values, identify areas corresponding to the defects, the calculation of the boundaries of defects and their geometrical 
center and data output .  
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Figure 3 - recovered the law of vibrations of multilayer shells at the vibratory excitation. 
 
 
 
Figure 4 - Voltage dependence of the time recorded by an induction type sensor M12 at the vibratory excitation of a multilayer shell. 
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For detection of the defect is necessary to estimate the amplitude and frequency of the inverter output signal after 
excitation of the oscillations. From the point of information receiving it can be classified as the estimation of 
nonrandom signal parameters with background noise. As a support function, the stored averaged signal 
corresponding to a defect-free area of the test object can be used.  
The standard MATLAB package for capturing and processing images was used. During the experiments was 
established internal defects bank, which had been accumulated by experience. With using Image Acquisition 
Toolbox software package the series of images were capturing and then analyzed with the Image Processing 
Toolbox. The processing program includes the following stages: capture, select the area of the oscillation of the 
reflector, the segmentation of the reflector in each frame, the segment vibrator center searching in each registered 
image, determination of the oscillations reflector trajectory. In the image processing was determined amplitude and 
radius of movement of vibration excited reflector in the area of the defect. 
 
5. Conclusion 
The possibility of determining the parameters of the vibrator oscillations at the defects detection in laminated 
composite materials as result from the application of the wavelet analysis of the interference signal received by the 
measuring system with a semiconductor laser and vibration excited external reflector was shown. Using the 
interference signal, it is possible to determine the type of the function describing the displacement of the portion of 
the object from which the laser beam was reflected, forming an interference pattern of the. In the diagnostic process  
interference image is recorded of the reflected signal with a ring structure having a maximum emission intensity in 
the center.  
The obtained images processing with using standard MATLAB software package was carried out to determine 
parameters of the vibratory excited reflector in the defect area. 
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